Objective To investigate the extent and associations of patient/diagnostic delay and other potential factors with catastrophic health expenditure (CHE) for tuberculosis (TB) care in Chongqing municipality, China. Design A cross-sectional study. setting Four counties of Chongqing municipality, China. Participants A total of 1199 patients with active pulmonary TB beyond 16 years and without mental disorders were consecutively recruited in the four counties' designated TB medical institutions. Outcome measures The incidence and intensity of CHE for TB care were described. The association between patients' 'sociodemographic and clinical characteristics such as patient delay, diagnostic delay, forms of TB, health insurance status and hospitalisation and CHE were analysed using univariate and multivariate logistic regression. results The incidence of CHE was 52.8% and out-ofpocket (OOP) payments were 93% of the total costs for TB care. Compared with patients without delay, the incidence and intensity of CHE were higher in patients who had patient delay or diagnostic delay. Patients who experienced patient delay or diagnostic delay, who was a male, elderly (≥60 years), an inhabitant, a peasant, divorced/widow, the New Cooperative Medical Scheme membership had greater risks of incurring CHE for TB care. Having a higher educational level appeared to be a protective factor. However, hospitalisation was not associated with CHE after controlling for other variables. Conclusion The incidence and intensity of CHE for TB care are high, which provides baseline data about catastrophic costs that TB-related households faced in Chongqing of China. Variety of determinants of CHE implicate that it is essential to take effective measures to promote early seeking care and early diagnosis, improve the actual reimbursement rates of health insurance, especially for outpatients, and need more fine-tuned interventions such as precise poverty alleviation to reduce catastrophic costs of the vulnerable population.
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IntrODuCtIOn Tuberculosis (TB) is one of the top 10 causes of death and the leading cause of a single infectious disease (above HIV/AIDS) worldwide.
In 2017, about 10.0 million people developed TB disease and 1.6 million deaths caused by TB globally. China has the second largest burden of TB in the world, accounting for 9% of all cases. 1 Poverty is not only strongly associated with TB incidence but also a cause and a devastating outcome of TB. 2 Therefore, TB is not only a serious infectious disease but also a severe public health problem worldwide. 'End TB strategy', a plan announced by the WHO to end the global TB epidemic, aims to reduce TB death rate by 95% and cut new cases by 90% between 2015 and 2035, and no affected families face catastrophic costs due to TB by 2020. 3 However, the projected 2015 baseline is not yet available. 3 Achieving zero TB-induced catastrophic costs for households is too great to realise because the financial burden for patients with TB is extremely high in low-income, middle-income and high-income countries. [4] [5] [6] [7] For instance, the mean treatment costs per drug-sensitive TB patient strengths and limitations of this study ► The study provides new data about tuberculosis (TB)-related households facing catastrophic costs and the determinants of catastrophic health expenditure (CHE) for TB care in China. ► The study highlights the importance of early care seeking and diagnosis of TB. ► Our findings will provide valuable information for policymakers to take fine-tuned interventions to decrease catastrophic costs for vulnerable TB-affected households. ► Some self-reported data such as dates for onset of symptoms and healthcare seeking may have been affected by recall bias. ► The non-medical costs and indirect costs were not taken into account, which may underestimate the extent of CHE for TB care and should be considered in the future study.
Open access are $39-$858 in Africa, $149-$724 in China and €3427-€10 282 in the European Union. 4 6 8 Catastrophic health expenditure (CHE) is a widely used index to calculate the burden of medical costs on households at a national level and is often incurred by households who have to pay out-of-pockets (OOP) for health services. 9 10 Thus, the family may have to sacrifice the consumption of other goods and services necessary for their well-being. 10 There are various definitions of CHE and no one gold standard for measuring it. 11 12 WHO has defined CHE as OOP payment for direct healthcare spending exceeds 40% of a household's capacity, 10 while many studies defined CHE as OOP payment for healthcare that exceeds a specified proportion of annual household income which often set the threshold at 10%-25%. 11 13 14 According to the end TB strategy, it is now recommended to measure catastrophic costs incurred when the total costs exceed 20% of the annual household income. 15 Eradicating catastrophic costs for TB-affected families is essential to ascertain the progress of universal health coverage (UHC) and social protection. However, the data about CHE for TB care are limited.
A recent systematic review indicated that approximately a third of households with a TB patient experienced TB-associated catastrophic costs. 5 For instance, the incidence of CHE for TB was 32.4% in Puducherry of India, 78.1% in Benin and 44% in Nigeria. 11 16 In China, more than two-thirds of TB-related households experienced CHE overall, and 46.7% of the households still experienced CHE after reimbursement by the New Cooperative Medical Scheme (NCMS) in rural areas. 17 18 Additionally, households with members having TB are ~1.8 times more likely to suffer CHE than those without. 19 Therefore, it is essential to reduce the economic burden of patients with TB and save their families from CHE.
To reduce the economic burden on patients with TB, a 'free TB service policy' has been implemented in many countries. 8 20 21 Although the policy has been conducted for many years, patients with TB still suffer from the high costs of TB treatment, which often forces their families into catastrophe and poverty in low-income and middle-income countries, such as in China, India, Peru, Ethiopia and Tajikistan. 16-18 22 23 In China, the free TB service policy includes free X-ray examination and free sputum smear test for patients once with suspected TB at first visit, free first-line anti-TB drugs (6 months for new patients and 8 months if previously treated), three free sputum smear tests and one free X-ray test during anti-TB treatment. 18 Also, there are three essential government-led complementary health insurances to cover some extra expenditures beyond the free TB service policy in China, including the NCMS for rural farmers, the Medical Insurance for Urban Residents (MIUR) and the Medical Insurance for Urban Employees (MIUE). 18 Health insurance is the least for rural farmers followed by that for local urban residents, while it for urban employees is the most. However, the financial protection remains insufficient though China has dramatically expanded health insurance coverage. 19 According to a few studies conducted in China, Nigeria, Indonesia and Benin, the factors determining CHE for TB care include age, sex, number of family members, urban residence, educational level, being a breadwinner, job loss, health insurance status, poor households, adverse prediagnosis stage, treatment at a private facility, ratio of patient income to total household income, hospitalisation and previous of TB treatment.
11 13 17 24 However, the factors associated with CHE among patients with TB remain not well elucidated. Considering fact that delay in TB diagnosis was not only a significant challenge of TB control and prevention programmes in low-income and middle-income settings but also was an vital risk factor increases the risk of transmission and economic costs to patients and communities at large, 25 26 we planned to explore the associations between the patient and diagnostic delay and CHE for TB care. Also, the extent of CHE and other risk factors related to CHE are investigated as well. Consequently, a cross-sectional study was performed in Chongqing municipality, which was an economic and industrial hub of the southwest region of China with a heavy burden of TB.
MethODs study sites and participants
This cross-sectional study was conducted in four counties of Chongqing from March 2013 to August 2014. The TB epidemic was high in Chongqing, which ranked in the top 10 among the most upper TB burden provinces in China. The TB notification rate of Chongqing in 2015 had declined to 70.8 cases per 100 000 populations from the peak of 106 cases per 100 000 in 2005, but still above the average TB incidence of China. Recent years, ~20 000 patients were reported with TB in Chongqing, making up 2.5% of all notified TB cases in China. 27 There are 39 districts/counties in Chongqing. According to the Chongqing Statistical Yearbook 2015, the real GDP per capita was 47 850 ¥. Urban population accounts for 59.6% of the total population. The four counties with similar levels of economic development and similar human geographical environment were selected as the study sites. These four counties are among the middle-income counties in Chongqing, have both villages and cities and are in the process of urbanisation. In Chongqing, the reimbursement ratio in different counties was different. The reimbursement ratio of medical expenses was 0%-60% by MIUE, 0%-50% by MIUR and 0%-45% by NCMS for outpatients and 65% by MIUE, 35% by MIUR and 35% by NCMS for inpatients in Chongqing.
From March to December in 2013, all registered active pulmonary TB (PTB) patients excluding those aged <16 years or with mental disorders were recruited consecutively in the designated TB medical institutes of the four counties. Because extrapulmonary TB, tuberculous pleuritis, drug-resistant PTB and patients with PTB not Open access registered in counties' designated TB medical institutes were not covered by the free TB service policy during the period of research, only registered active PTB were included. Totally, 1290 patients with PTB were qualified, of who 61 refused to participate due to poor clinical conditions and 30 questionnaires were not completed. Thus, a total of 1199 patients were included in the study. All participants had access to free TB treatment and were prospectively followed throughout the treatment period.
Data collection
All data were collected in these four counties' designated TB medical institutes. The study was based on a well-structured questionnaire and patients' medical records. All participants at the local TB-designated medical institutes were interviewed face to face by a trained TB staff using the questionnaire. The following data were obtained: covered personal information, socioeconomic information (age, sex, residence, occupation, education, marital status, number of family members and household income and so on) and history of disease (forms of TB, date of first onset of suspected TB symptoms, date of first visit to any health provider, date of PTB diagnosis and direct medical costs for TB care). Clinic information (patient delay, diagnostic delay, forms of TB, health insurance status and hospitalisation) and exact date of TB diagnosis were checked against the patients' medical records. A 6-month or 8-month treatment regimen was recommended by the WHO. The follow-up survey was conducted with patients with TB till completion of the treatment. The treatment costs were collected every month by the trained TB staff. The staff interviewed each participant and then checked invoices or financial accounting systems to ensure accuracy. OOP payments and reimbursements of the direct medical costs in different periods of services (prediagnosis, diagnosis and treatment) were collected per individual and checked invoices or financial accounting systems as well. All costs were indicated in Ren Min Bi (RMB).
Definitions
Pulmonary TB PTB was diagnosed based on the pathological, clinical and radiological findings, and confirmed through bacteriological and histological examinations, which were strictly performed according to the Chinese diagnostic criteria for PTB (WS-288-2008). 28 
Patient delay
Patient delay is determined as a time interval from the first onset of TB symptoms to the first visit to any health provider; if the time interval lasts for >14 days, it is considered as a 'delay'. 29 
Diagnostic delay
Diagnostic delay is defined as a time interval between a patient's first visit to any health provider and the final diagnosis as TB; if the time interval lasts for >14 days, it is considered as a delay. 29 Prediagnosis Prediagnosis is the period from the onset of TB symptoms to the first visit to a local designated TB medical institution. The period of diagnosis is from the first visit to a local designated TB medical institution to the diagnosis of TB. The period of treatment is the full course of TB treatment.
Direct medical costs
Direct medical costs are composed of consultation fees, laboratory tests, X-rays, medical tests and drugs during the period of prediagnosis, diagnosis and treatment.
OOP payments OOP payments are regarded as the direct medical costs paid by patients themselves.
Measuring the incidence and intensity of Che CHE is usually assessed by incidence and intensity. According to the definition of CHE in several previous studies, 11 13 14 we defined 'catastrophic' as the OOP payments of total medical costs for TB care exceeding 10% of the annual household income in this study. Head count (HC) is used to measure the incidence of CHE, while the mean gap (MG) and mean positive gap (MPG) are used to reflect the intensity of CHE. HC means the percentage of households whose OOP payments equal or exceed 10% of their annual income to the total number of households. MG is the average amount by which OOP payments, as a proportion of annual household income, exceeds the threshold. MPG is equal to MG/HC, the excess expenditure per household experiencing CHE. The methods used in measuring HC, MG and MPG are based on the previous study. 14 statistical analysis Data were double entered and checked using EPI Data V.3. Data analysis was performed using SPSS V.18.0. Continuous variables were presented as medians and IQRs, while categorical variables were presented as numbers and percentages (%). Pearson's χ 2 test was used in univariate analyses to identify factors associated with the CHE and ORs with 95% CIs were computed. All variables with a p<0.05 in the univariate analysis were included in the multivariate model. A multivariate logistic regression model using a backward elimination method was used to assess the determinants of CHE and to calculate adjusted odds ratios (aOR) and 95% CIs. A two-sided p value of <0.05 was considered statistically significant.
Patient and public involvement
Patients and the public were not involved in the design or planning of the study.
results

Patient characteristics
The characteristics of these patients with PTB are summarised in table 1. A total of 1199 patients with PTB were enrolled in the study. The proportion of men Open access to women involved in this study was 2.3:1. More than three-quarters of patients were in their labour age (16-59 years), and the average age of the patients was 43.9 years, with a median age of 44 years. Approximately 30% of patients were migrants. Two-thirds of patients were married and received at least junior high school education. About one-quarter of patients were unemployed, about 30% patients were peasants and 8.0% patients were students. Approximately three-quarters of the households had one to three family members. In the majority, 89.2% of the patients had health insurance and about half of the patients had NCMS. Only 15.9% of patients had been hospitalised in the intensive period. Approximately three-quarters of patients were smearing negative. Of the total participants, 53.0% and 43.0% patients experienced patient and diagnostic delay, with a median (IQR) of 16 (3-52) and 9 (3-33) days measured in days, respectively. Patients' average annual household income was 42 200 ¥, with a median (IQR) of 35 000 ¥ (20 000-56 000 ¥).
Direct medical costs for tb in different periods of medical treatment The OOP costs and health insurance reimbursement during the prediagnosis, diagnosis and treatment period are presented in table 2. Expenses in the prediagnosis period were all paid by OOP, accounting for nearly half of the total cost. Excluding the fees covered by free TB service policy, around 7% of costs were reimbursed by health insurance during the treatment period, but no costs were reimbursed during the period of prediagnosis and diagnosis. The median total direct medical costs paid by a TB patient were 4085 ¥, about 93% of which was paid by patients themselves.
Incidence and intensity of Che Table 3 shows that 52.8% (633/1199) of all TB-related households experienced CHE. On average, healthcare payments for TB were 18.1% higher than the threshold value (10%). For households experiencing CHE, the MPG was 34.2% higher than the threshold. The incidence of CHE in patients experiencing patient delay or diagnostic delay was 11% or 9.7% more than those not suffering patient delay or diagnostic delay, respectively. The intensity measure was also higher for the group of Open access experiencing patient delay or diagnostic delay than the group without delay. 
Determinants of Che
DIsCussIOn
For the first time, global TB targets aimed to decrease catastrophic costs associated with TB. Evaluating the incidence and intensity of TB-related CHE not only provided insight into the UHC but also reflected the economic burden of patients with TB and their families. In this study, the incidence of CHE for TB care was 52.8% after reimbursement, which was lower than the reported rates of 66.8%, 65% and 78.1% in other cities of China, Nigeria and Benin, respectively, using the same CHE measurement methods. 11 13 17 However, the figure was a little higher than that in Indonesia (50%) when they involved in patients with multi-drug resistant tuberculosis (MDR-TB), 24 and much higher than the rate of CHE incurred by general population or patients with non-communicable chronic disease in China. 19 In that TB inequitably affects poor people and households in poorer economic quintiles are more at risk of suffering CHE and impoverishment. 19 30 The MG was 18.1% and the MPG was 34.2% for TB in our study, both were higher than that in Nigeria (6.0%, 9.3%) 11 13 and in Benin (7.8%, 14.8%) 13 but lower than that in other cities of China (40.8%, 62.2%) 17 because we did not take non-medical costs into account while other studies did. Although many studies claimed that non-medical costs and indirect costs related to TB care were a severe financial burden for patients with TB and their households, 5 31 32 some studies found that these costs were not high compared with direct medical costs. 18 33 34 Thus, the extent of patients incurring catastrophic costs in this study population may be underestimated but remain reliable.
Although all patients in this study have access to free TB treatment and the majority of them have health insurance, they had a heavy financial burden of OOP payments and more than half of them incurred catastrophic costs. The phenomena is common in China, 8 18 35 there may be Open access Open access three reasons to explain it: (i) many associated healthcare costs are not covered in the free TB policy, for example, payment for drugs of ancillary and liver protection, and extra diagnostic tests. 2 8 36 (ii) Driven by profits, doctors may prescribe additional medicines and tests. 37 (iii) The reimbursement ratio for outpatient services is low and often ignored, as well as the actual implementation strength of inpatients reimbursement was weak. [38] [39] [40] Besides, we also found nearly half of all OOP payments were paid before diagnosis, which was similar to many previous studies.
6 23 41 This cost had aroused particular concern in that it not only reflected the economic burden on families for obtaining a diagnosis but also may act as an obstacle for poor patients to access timely TB care.
Delay in diagnosis had a massive impact on TB transmission in the community, aggravating the severity and mortality, resulting in an unfavourable treatment outcome and significantly increasing total patient costs. [42] [43] [44] [45] In this study, we further investigated the relationship between patient/diagnostic delay and CHE for TB care among patients with TB. We found about half patients encountered patient delay or diagnostic delay, who incurred more serious CHE than those without delay. Also, we demonstrated that patient delay and Open access diagnostic delay were crucial determinants of CHE. Consistently, Laokri et al found that patient delay over 1 month was an independent determinant of incurring catastrophic expenditure. 13 In addition, a large number of studies had revealed that patient delay and diagnostic delay were independent factors associated with total OOP costs. 23 25 34 35 46 Actually, prolonged delays in TB diagnosis are still prevailing problems in many countries in many low-income and middle-income countries, such as in Ethiopia, Zambia, Tanzania, Mozambique, Indonesia and so on. 43 47-50 Therefore, it is vital to take measures to shorten the delay in diagnosis.
Patient delay may be related to the fact that patients do not take minor symptoms seriously in its early stage and will pay greater attention to it until symptoms become more severe. 38 In addition, many sociodemographic and economic factors contribute to patient delay. 29 Therefore, we should adopt comprehensive measures to facilitate patients to seek care early, such as strengthening TB health education to the public and adopting a precise poverty alleviation to increase the income of poverty-stricken patients. Early diagnosis is difficult due to the vast percentage of asymptomatic PTB patients and non-availability of rapid, accurate and cost-effective tests in many settings. 51 In this study, only one-quarter of patients has been confirmed bacteriological and mainly based on traditional methods. Rapid molecular methods were not frequently used in Chongqing in 2013. Hence, more rapid, accurate and affordable methods are urgently needed to shorten the time of diagnosis.
Multivariate regression analysis indicated that demographic factors such as age, sex, marital status, occupation, resident status and education level independently affected the risk of catastrophic costs for TB care. Consistent with previous studies in Nigeria and other cities of China, age was an essential determinant of CHE, 11 17 but only patients who were ≥60 years significantly affect CHE after removing the confounding factors in our study. Usually, men were the breadwinner of a family, thus we and Ukwaja et al found male patients were more easily to experience CHE, 11 but Zhou et al showed that gender had no significant associations with CHE. 17 In contrast with a previous study in China, 17 we found marital status was an independent factor related with CHE, but the family size and hospitalisation were not determinants of CHE because we grouped different segments of the household population. Besides, only 15.9% of patients had been hospitalised during the treatment, much lower than the figure in a previous study of 55%. 17 Generally, people with low educational level also have less economic income, and thus we all demonstrated patients with less education were more likely to incur CHE. 11 13 Compared with inhabitants, migrants had a smaller proportion of patients being male, elderly or peasant and a higher proportion of patients with high educational level, thus migrant patients were less likely to experience CHE compared with inhabitant patients.
We found that patients covered by NCMS, compared with those without any type of health insurance, were more likely to experience CHE. A series of studies conducted in China have demonstrated that NCMS could not relieve the financial burden of TB-related medical costs and had a partial effect on protecting TB-related households from CHE. 17 39 52 Compared with patients not covered by NCMS, patients with TB covered by the NCMS only had a 5% higher reimbursement rate regarding outpatient and total medical costs in Zhejiang and Sichuan provinces of China. 39 NCMS is designed exclusively for rural residents particular for peasants, who are usually in low-income status. Also, the majority of patients without health insurance were migrants. In contrast with the previous study in China, we did not find MIUR or MIUE has any positive effect on reducing CHE. 17 It may be due to the actual reimbursement rate of health insurance is low in China. These three types of health insurances largely cover inpatient services but the benefit package for outpatient care vary widely. In fact, a lot of areas existed to ignore reimbursements to varying degrees in China, especially for outpatient services. 40 In research, there was no reimbursement for medical costs during prediagnosis and diagnosis, which further indicated that the actual reimbursement rate is very low. Thus, so far health insurance plan did not actually help to relieve the financial burden for patients with TB in China. Consequently, the health insurance policy should be implemented effectively.
This study has some limitations. First, some data collected based on self-reporting could not be checked, which may be subjected to recall bias. Second, the data in this study were collected 4 years ago, and the per capita income has increased from 2014 to 2017. However, China's free TB service policy has not changed in recent years, and TB inequitably affects poor people. Therefore, the CHE remains a problem for TB now in China. Third, we did not use the new definition of 'catastrophic costs due to TB' recommended by WHO, which is the total (direct and indirect) costs exceeding 20% of annual household income recently. 15 Although the threshold (10%) we set was lower than the new definition and we did not take indirect costs into account, it may also be valuable to present the proportion of TB-affected patients (and their households) facing catastrophic costs if direct costs alone are counted. 15 Furthermore, the data about the CHE associated with TB were limited worldwide and correlational research has been conducted only in three cities in China. Consequently, our study may add some new data of CHE for TB care in China.
COnClusIOn
Although all patients have access to free TB service policy and the majority of them have health insurance, patients with TB still shoulder a high burden of OOP payments and experience high incidence and intensity of CHE for TB care in Chongqing, China. Except for sociodemographic factors, patient delay and diagnostic delay are essential Open access determinants of CHE for TB care, which highlights the significance of early care seeking and early diagnosis. In addition, NCMS aggravates the catastrophic costs, which implicates that it is essential to improve the actual reimbursement rates of health insurance, especially for outpatients. Furthermore, more fine-tuned interventions such as precise poverty alleviation are essential to taken for vulnerable patients with TB to reduce their catastrophic costs. Overall, our results have provided some baseline data about CHE for TB, which may give some clues for a further prospective study.
